Chemical converdson of variouscdlulosesastreated in supercritical methanol
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The chemicd conversion of various cdluloses as tregted in supercritical methanol was studied with a batchtype
reaction vessal The supercriticdl methanol trestment a 350 °C and 43 MPa was suffidient to convert various
cdluloses to the methanol-soluble without any catdyst. The decomposition rate was affected greetly by the form
of cdluloserather than its crygtdlinity, and the rapid increase of the decompaosition rate congtant was obsarved in
the vdnity of 270 <C. The man products from cdlulose decompogtion were methyl ?- and ?-D-glucosdes
levoglucosan, methylated oligomers and 5hydroxymethylfurfurd. Monomeric compounds such as methyl ?-
and ?-D-glucoddes were dable in superariicd methandl. Therefore, the high yidd of the monomeric
compounds could be obtained by the supercriicd methanal trestment. These findings suggest thet the
upercritical methanol trestment of various cdlulosc materids such as waste paper has a potentia to obtain
ussful chemicas and liquid fueswithout using fossl resources.

Introduction

Cdlulose is renewable, carbon neutrd and mogt abundant biomass resources in the world. However, cdluloseis
difficult to hydrolyze due to the crysdline sructure, compared with arch. Therefore, these abundant cdllulose
resources such as wadte papers have not been utilized efficently, to daie. Recently, supercritical weter trestment
has been congdered to be an attractive dternative in stience and technology for hydr olyzing cellulose, compared
with enzymatic saccharification and acidic hydrolys's converson methods: Some resserchers reportedthat the
supercritica trestment of water could convert cdlulose rapidly to glucose [1,2]. However, the yidds of glucose
were generdly low because glucose was dso decomposed rapidly in supercritical water due to its criticd
temperature (T =374 C) being high. Therefore, it may be difficult to obtain the high yidd of glucose steedily by
the supercritica water trestment. In this sudy, therefore, methanol was selected as the solvent for supercritica
trestment of cdlulose, in which the critica temperature of methanol (T¢)to be 239 C and its criticd pressure (P
to be 809 MPa would be much milder then that of water. Therefore, a superariticd methanadl treatment of
cdlulose was evaduated to convert it into the liquids for useful chemicasor fuds

Material and Methods

As cdlulosic samples, microcryddline cdlulose (avicd), cotton linter and dissolving pulp were sdected for the
supercritica trestment of methanol. Methanol was fully fed to the 5 ml reection vessel with 150 mg of cdlulosic
samples, and then it was attached to the batch-type supercriticd methanol biomass converson system. To dart
supercriticd treatment of the sample, the reaction vessd was quickly heated by immeraing it into the tin bath
prehested a various temperatures and maintained & designated temperature and pressure with swaying left and
right. To sop the reaction, the reaction vessd was moved into the water bath to quench. The reection mixture
obtained &fter the trestment was filtrated with 0.32um membrane filter to separate methanol-insoluble and
methanolsoluble portions. The methanol-insoluble portion was then dried and weighed to obtain itsyied. The
methanolsoluble portion was andyzed by using the liquid chromatography—mass spectrometry LC-MS) and
the high performance liquid chrometography (HPLC).

Resultsand Discussion
The supercriticd methanol treatment at 350 <C and 43 MPafor 7 min wasaufficient to convert avicd whichisin



a powder form to methanol-soluble portion completdy. However, it required about 20 min for cotton linter and
dissolving pulp which were in fiber form. This result suggested thet cdlulose decompaosition in supercritical
methanal is afected more gredtly by the form of cdlulose rather then the degree of its arystallinity.

Figure 1. shows the arrhenius plot for the decompaosition rate constant of avicd in subcritica and supercritical
methanal with those of methyl ?- and ?-D-glucosdes The decompogtion rate condant of avicd increased
rapidly a atemperature about 270 °C, but not near T of methandl. However, for corn garch which isin hica
dructure and more amorphous nature with much less hydrogen bonds, a rapid change of the decomposgtion rate
condants was not obsarved between 255 and 300 <C. This resut might suggest that some changes in aryddline
microfibrils of cdlulose, which became to be easy to decompose the micrafibrils, occur in supercriticd methanol
above 270 C and 26 MPa

The man products from cdllulose decomposition were, methyl ?- and ?-D-glucos des, levoglucosan, methylated
oligomersand 5-hydroxymethylfurfurd (SHMF). Figure 2. shows the changesin the yidds of the products from
avicd astreated in supercritical methanol a 350 °C and 43 MPa The totd yield of the monomeric compounds
was maxima a 3 min treatment and reached up to 34.8 wit%, which is 51.7 wt % of the cdlulose liquefied in

methanal. The reason why the high yied of monomeric compounds was obtained steadily by the supercritica

methanal trestment of cellulose, compered with the supercritica water trestment, was that the decompostion rete
congtants of the nmonomeric compounds such asmethyl ?- and ?-D-glucoddeswere condderably lower than thet
of avicd in supercritical methanal, as shown in Fgure 1. [3]. The maximd yidds of the monomeric compounds
obtained from cotton linter and dissolving pulp was 11.0 and 21.4 wt%, respectively. Thisresult indicatedtha the
speedy liquefaction of cdlulose is one of the mogt important factors to achieve the high yied of monomeric
compounds. These findings suggest that the supercritical methanal trestment of various cdllulosc maeridshasa
potentid to obtain useful chemicasand liquid fudswithout using fossi| resources
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Figure 1. Arrhenius plot for the decomposgtion rate
condants of avicd and methyl ? - and ?-D-glucosdesin
sub- and supercriticad methanal.

Figure 2. Changesin theyid dsof the productsfrom avice
astreated in supercritical methanol a 350°C and 43 MPa



